INTRODUCTION
Under physiological conditions, alveolar macrophages (AMs) are critical for lung homeostasis and respiratory functions including surfactant clearance within the alveolar space (Hussell and Bell, 2014) . This is reflected by the accumulation of pulmonary surfactants in the absence of AMs and when AM function is impaired, which can lead to the development of pulmonary alveolar proteinosis (PAP) (Guilliams et al., 2013a; Shibata et al., 2001; Suzuki et al., 2008) . AMs also play an important role in orchestrating pulmonary immune responses to pathogens and they regulate tissue damage by suppressing immune responses (Guilliams et al., 2013b; Kopf et al., 2015) . Similar to most other macrophage populations, AMs self-maintain locally in the steady state without the contribution of bone marrow (BM)-derived precursors (Hashimoto et al., 2013) . The majority of adult tissue-resident macrophage populations are derived from embryonic precursors that seed the tissues before birth and are dependent on macrophage colony-stimulating factor (M-CSF) receptor Csf-1R (Ginhoux and Jung, 2014) . Fetal monocytes develop from late erythro-myeloid progenitors (EMPs) generated in the yolk sac and emerge in the fetal liver from E12.5 (Hoeffel et al., 2015; Perdiguero et al., 2014) . They subsequently colonize most embryonic tissues including the lung where they give rise to macrophages. Fetal monocytes begin to accumulate in the developing lung at E16.5 and then differentiate into immature AMs (preAMs), which mature into AMs postnatally (Kopf et al., 2015) .
The genesis of AMs is highly dependent on GM-CSF receptor (GM-CSFR) signaling as both Csf2 À/À and Csf2rb À/À mice are devoid of AMs. GM-CSF signaling was shown to be essential for the differentiation of fetal monocytes into immature AMs perinatally and for the full maturation of AMs postnatally but not for the accumulation of fetal monocytes in the developing lung (Guilliams et al., 2013a; Schneider et al., 2014b) . GM-CSF exerts its critical function through the induction of the transcription factor PPAR-g, which is a key factor for the transcriptional program specific to AMs (Schneider et al., 2014b) . Whereas the roles of colony stimulating factors for the development of macrophages are becoming increasingly transparent , little is known about other soluble mediators contributing to macrophage maturation and homeostasis. Another cytokine, which has been demonstrated to play a role in the development and function of some members of the mononuclear phagocytes system (MPS), is TGF-b. It is secreted as an inactive form termed latent TGF-b consisting of an active domain and a latency-associated peptide. Upon activation, it binds to TGF-b receptor 2 (TGF-bR2), which then initiates formation of the heterodimeric complex with TGF-bR1 leading to the phosphorylation of TGF-bR1 and to the recruitment of downstream mediators (Massagué , 2012) . Of the three highly homologous TGF-b isoforms (TGF-b1, TGF-b2, TGF-b3), TGF-b1 is the predominant isoform within the immune system. TGF-b has multiple functions in many different cell types and tissues during embryonic development and in the adult. Within the MPS, TGF-bR signaling in dendritic cells (DCs) prevents autoimmunity and maintains normal immune homeostasis (Ramalingam et al., 2012) . The development of Langerhans cells (LCs), which are the resident phagocyte population in the epidermis, is dependent on TGF-bR signaling (Borkowski et al., 1996; Kaplan et al., 2007; Zahner et al., 2011) . TGF-b has also been claimed to be essential for microglia development (Butovsky et al., 2014) but very little is known about other tissue macrophages. Here we found that TGF-b was crucial for the differentiation of fetal monocytes into preAMs during embryonic development, their maturation after birth, as well as for the homeostasis of adult AMs. Other macrophages, apart from LCs, developed independently of TGF-b. These findings uncover a role for this pleiotropic cytokine in regulating the development and maintenance of AMs. Figure S2A ). Itgax Cre Tgfbr2 fl/fl mice develop multiorgan autoimmune disease due to deletion of Tgfbr2 on DCs starting at the age of 4-5 weeks (Ramalingam et al., 2012) . Indeed, at 4 weeks of age we already observed increased invasion of monocytes and neutrophils into most tissues in Itgax Cre Tgfbr2 fl/fl mice (data not shown). Thus, to rule out that the observed AM phenotype is a result of local inflammation, analyses were performed at earlier time points at which the Itgax Cre Tgfbr2 fl/fl mice appear clinically and phenotypically healthy. We found that at 2 weeks of age, AMs were already absent ( Figure 1A ). To determine the differential impact of TGF-bR signaling across the MPS, we next generated Lyz2
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Cre Tgfbr2 fl/fl mice, in which Tgfbr2 is deleted in lysozyme-expressing myeloid cells including macrophages, neutrophils, and monocytes. Analysis of adult Lyz2 Cre Tgfbr2 fl/fl mice revealed that in the lung, AMs were essentially absent, whereas the numbers of monocytes, DCs, and interstitial macrophages were again unaltered . Also, in other non-lymphoid and lymphoid tissues, macrophages were present at normal frequencies in Lyz2
Cre Tgfbr2 fl/fl mice (data not shown). Concomitant with the absence of AMs, we found that the total protein concentration and surfactant protein D (SP-D) concentration increased in the bronchoalveolar lavage (BAL) of Lyz2
Cre Tgfbr2 fl/fl mice (Figure S2E ). This is indicative of the development of PAP as previously shown in mice lacking AMs (Guilliams et al., 2013a; Schneider et al., 2014b) . However, in Lyz2
Cre Tgfbr2 fl/fl mice (heterozygous for Cre), the numbers of AMs often recovered with age (data not shown). In these AMs, Tgfbr2 expression was comparable to WT levels suggesting a repopulation by TGF-bRsufficient precursors and/or AMs over time. Conversely, by increasing the recombination frequency in Lyz2
Cre/Cre Tgfbr2 fl/fl mice (homozygous for Cre), AMs remained absent (data not shown) but these mice died at variable ages most likely due to multi-organ inflammation (Gong et al., 2012; Ramalingam et al., 2012) .
Lyz2
Cre mice display varying degrees of recombination efficiency across the MPS (Abram et al., 2014; Croxford et al., 2015) . To definitively target all members of the MPS, we analyzed 2-week-old Vav1
Cre Tgfbr2 fl/fl mice, in which Tgfbr2 is deleted in all hematopoietic cells (de Boer et al., 2003) . Also here, while AMs and LCs were absent, other macrophage populations analyzed were unaffected with the exception of red pulp macrophages, which were 50% reduced ( Figures S2F and S2G ). Successful deletion of Tgfbr2 was verified by qRT-PCR ( Figure S2H ). Taken together, TGF-bR signaling is essential for the development and/or maintenance of AMs but is not required for the genesis of other tissue macrophages.
Autocrine TGF-b Is Required for AMs We found TGF-b to be highly expressed in the adult lung as previously shown ( Figure 1D ) (Alejandre-Alcá zar et al., 2008; Coker et al., 1996) . Within the lung, we detected its expression in epithelial cells, endothelial cells, and AMs, with the highest expression in AMs ( Figure 1E ). TGF-b can be activated from its latent form in a cell-cell contact-dependent manner through the integrin avb6 expressed by the lung epithelium (Munger et al., 1999) . On the other hand, it was shown in vitro that TGF-b can be activated by AMs in an autocrine manner by the interaction with thrombospondin 1, CD36, and the protease plasmin (Yehualaeshet et al., 1999 Figure 1H ). Collectively, these data suggest that AMs require TGF-b for their development and/or maintenance in an autocrine manner.
TGF-bR Signaling Is Essential for the Maintenance of Mature AMs
To investigate the impact of TGF-bR signaling on adult AM homeostasis, we crossed the Tgfbr2 fl/fl mice to the tamoxifeninducible Rosa26
CreER (R26 CreER ) mice, in which tamoxifen administration leads to deletion of Tgfbr2 in all cells and tissues. 6-to 8-week-old R26 CreER Tgfbr2 fl/fl mice were treated with tamoxifen and AMs were analyzed 7 days after the treatment. Deletion of TGF-bR in mature AMs led to a significant reduction of their numbers ( Figure 2A ). The remaining AMs were found to be untargeted ( Figure 2B ), demonstrating that TGF-bR signaling on AMs is important for their maintenance. Again, to address whether, in addition to AMs, other tissue macrophages also depend on TGF-bR signaling for their homeostatic maintenance, we used Cx3cr1
CreER
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fl/fl , in which tamoxifen administration leads to the specific deletion of TGF-bR in cells expressing the chemokine receptor CX 3 CR1, which includes microglia, kidney and gut macrophages, but not AMs (Yona et al., 2013) . As recently demonstrated (Buttgereit et al., 2016) , tamoxifen-inducible deletion of Tgfbr2 in adult microglia led to rapid microglia activation but not to their depletion. TGF-bR ablation did not alter the frequency of gut and kidney macrophages in Cx3cr1 CreER Tgfbr2 fl/fl mice compared to control littermates ( Figures 2C and 2D ). Successful Tgfbr2 deletion in these populations was confirmed by qRT-PCR ( Figure 2E ). In contrast to microglia (Buttgereit et al., 2016) , deletion of TGF-bR in gut and kidney macrophages did not trigger their transformation into inflammatory macrophages in the time frame analyzed as assessed by Il1b and Tnf cytokine expression (Figure 2E) . Together, these data indicated that the homeostasis of AMs required tonic TGF-bR engagement, whereas the survival of microglia, gut, and kidney macrophages was not dependent on TGF-bR signaling.
The Development of Monocyte-Derived ''AMs'' after Irradiation Requires TGF-bR Signaling AMs self-maintain in the steady-state independently of circulating precursors (Hashimoto et al., 2013) . However, in inflammation or after lethal whole-body irradiation and subsequent BM transplantation, BM-derived monocytes repopulate the AM niche (Hashimoto et al., 2013) . To investigate whether in BM transplantation, those BM-derived ''AMs'' are also dependent on TGF-bR signaling, BM chimeric mice were generated with a 1:1 mix of WT (CD45. This setup allowed for the investigation of the intrinsic requirements for TGF-bR signaling for the development of BMderived ''AMs'' with a competing internal WT control population. We found all AMs to be of WT origin whereas blood monocytes were reconstituted at a 1:1 ratio in Lyz2 Cre Tgfbr2 fl/fl : WT chimeras (Figure S3 ). This finding is reminiscent of what is observed when GM-CSFR signaling is disturbed ( Figure S3 ) (Hashimoto et al., 2013; Schneider et al., 2014a; van de Laar et al., 2016) . These results demonstrate that TGF-bR is not only important for embryonicallyderived AMs but also for the repopulation of AMs from adult BM after total body irradiation.
Embryonic Development of AMs Depends on TGF-b
In order to define whether TGF-b signaling is a prerequisite for the embryonic development of AMs, we first analyzed the expression of Tgfb1 and its receptor in preAMs and fetal monocytes. We found the expression of Tgfb1 in fetal monocytes and preAMs was comparable to mature AMs, whereas Tgfbr2 and Tgfbr1 were more highly expressed in adult AMs compared to preAMs and fetal lung monocytes ( Figure S4A) Figure 3A and Figure S1B) fl/fl lungs ( Figure 3A ). This atypical CD11b hi population arose as a result of the loss of Tgfbr2 signaling as verified by qRT-PCR ( Figure 3B ). In contrast, the CD11b lo preAM population observed in Lyz2 Cre Tgfbr2 fl/fl mice, which resembles normal preAMs, were not targeted and had an undisrupted Tgfbr2 locus ( Figure 3B ). For complete targeting of all hematopoietic cells in the embryo, we again used the Vav1 Cre Tgfbr2 fl/fl mice, in which we found AM development completely abolished at E18.5 ( Figure 3C ). Tgfbr2 deletion on fetal liver monocytes, which was confirmed by qRT-PCR, did however not hamper their differentiation into tissue macrophages other than the lung (such as liver, spleen, kidney, gut, and dermis) ( Figures  S4B and S4C) . In other words, TGF-bR signaling does not affect fetal liver monocyte development nor their ability to become tissue macrophages per se, but is highly specific to the normal developmental transition of fetal monocytes into AMs.
To investigate how TGF-b instructs AM development, we sorted fetal monocytes from WT embryonic livers at E15.5 and cultured them with GM-CSF in the presence or absence of (E) Relative mRNA expression levels of Pparg, Car4, Spi1, Csf2rb, Csf2ra, Tgfbr1 and Tgfb1 from sorted fetal monocytes and preAMs as described in (A-B), normalized to Pol2. N R 3, each from 2-4 pooled mice. *p < 0.05; **p < 0.01; ***p < 0.001; ns, not significant (unpaired Student's t test). See also Figure S1 and S4. (legend continued on next page) TGF-b. As readout for AM differentiation, we analyzed the expression of Pparg and Car4, both AM signature genes. While GM-CSF served as a survival factor (data not shown), the addition of TGF-b induced the expression of Pparg and Car4 (Figure 3D) . Expression of Csf2rb, Tgfbr2, and Tgfb1 was not affected by TGF-b. Moreover, when we replaced GM-CSF with M-CSF to sustain the cell culture, addition of TGF-b again induced Pparg expression (data not shown). This finding suggests that TGF-b stimulation in vitro induces gens in fetal monocytes that allow AM differentiation (Pparg) or are related to AM identity (Car4). Conversely, we also analyzed the expression of these genes in vivo in Tgfbr2-deficient preAMs (CD11b embryos. We found that Pparg and Car4 were weakly expressed in Tgfbr2-deficient preAMs in contrast to control preAMs (Figure 3E ). The expression of the pioneer transcription factor for the myeloid lineage PU.1 (encoded by Spi1) was not affected by the disruption of TGF-bR signaling. On the other hand, expression of Tgfbr1 was reduced in Tgfbr2 À/À preAMs while Tgfb1 was not affected. We next analyzed whether TGF-bR signaling regulates GM-CSFR. We found that the expression of Csf2ra and Csf2rb was unaltered upon deletion of TGF-bR in preAMs ( Figure 3E ). Equally, analysis of fetal lung monocytes from Csf2rb À/À embryos, in which their differentiation into preAMs is disrupted, revealed that expression levels of Tgfbr2, Tgfbr1, and Tgfb1 were also unchanged ( Figure S4D ). Taken together, TGF-bR signaling does not impact on GM-CSFR expression in preAMs, or vice versa, but both pathways instruct the expression of Pparg, which is critical for AM differentiation.
A B C
TGF-b Instructs AM Differentiation and Signature Gene Expression
CD11c expression on AMs commences within the first 3 days postnatally. We observed that Itgax Cre Tgfbr2 fl/fl mice at postnatal day (P)3 showed reduced, yet detectable numbers of AMs while at P7, AMs were already absent indicating that TGF-bR signaling is also critical for the maturation of AMs after birth ( Figure 4A Figure 4B ). This incomplete deletion reflects the variable differentiation stages of AMs as not all have undergone genetic recombination at this time point. Nevertheless, we found that of a total of 10,825 expressed genes, 543 genes were differently expressed (p < 0.001) ( Figure 4C ). To verify a specific targeting of the TGF-bR pathway, we analyzed expression of genes previously described to be associated with TGF-bR signaling ( Figures  4D and 4E ) (Mootha et al., 2003; Subramanian et al., 2005) . For example, TGF-b-induced genes, Hpgd, Serpine1, and Gcnt2
were down-regulated in Tgfbr2-deficient AMs (Lundgren et al., 1994; Ueno et al., 2011; Yan et al., 2004; Zhang et al., 2011) . Also, genes involved in latent TGF-b activation such as Thbs1 and Itgb5 were expressed at low levels compared to control AMs (Murphy-Ullrich and Poczatek, 2000; Tatler et al., 2011) . Negative regulators of the TGF-b signaling pathway such as Smurf2, Ski, and Skil, whose expression positively correlates with TGF-b stimulation, were lower expressed in Tgfbr2
AMs (Abnaof et al., 2014; Ohashi et al., 2005) . Furthermore, we also found several AM signature genes to be down-regulated in Tgfbr2-deficient AMs (Gautier et al., 2012) . Among those were for example Scgb1a1, Epcam, and Cyp4f18 ( Figure 4F ), some of which were among the top down-regulated genes ( Figure 4G ). Genes highly expressed in monocytes but not in mature macrophages were up-regulated in Tgfbr2-deficient AMs (Gautier et al., 2012) . For example, Ndrg1 and Irf7, which are both implicated in the development of macrophages in vitro (Lu and Pitha, 2001; Watari et al., 2016) . Conversely, Adamdec1, induced in macrophages upon their differentiation from monocytes (Scotton et al., 2005) , was lower expressed in Tgfbr2-deficient AMs.
Lipid metabolism in AMs is critical for surfactant catabolism. Consistent with the mRNA expression data of preAMs (Figure 3E) , in the absence of Tgfbr2 we observed a reduction in Pparg, the master transcription factor involved in lipid metabolism ( Figure 4H ) (Tontonoz and Spiegelman, 2008) . Other genes such as Apoe, mediating cholesterol efflux and preventing foam cell formation, and Olr1, a scavenger receptor mediating oxLDL update, were also down-regulated in AMs lacking Tgfbr2 ( Figures 4F and 4H) (Dove et al., 2005; Schneider et al., 2014b) . Furthermore, the expression of Csf1r and Csf2rb were both reduced upon deletion of Tgfbr2 in AMs. Runx1, a transcription factor highly expressed in hematopoietic progenitor cells (Perdiguero and Geissmann, 2016) , was also decreased in the absence of Tgfbr2. On the other hand, Spi1 was not affected ( Figure 4H ). Overall, these data suggest that TGF-bR signaling leads to transcriptional changes in AM differentiation, maturation and signature.
DISCUSSION
The development and maintenance of most macrophages is dependent on Csf-1R signaling and relies on pioneer transcription factors such as PU.1. In addition to these lineage-defining factors, tissue-specific transcriptional regulators control the unique genomic signature of each tissue macrophage, which allow them to exert tissue-specific functions during normal homeostasis (Gosselin et al., 2014; Lavin et al., 2014) . TGF-b was previously shown to be critical for the development of LCs and was also implicated in the formation of microglia (Borkowski et al., 1996; Butovsky et al., 2014; Kaplan et al., 2007; Zahner et al., 2011 ). Here we demonstrate that TGF-b is also a See also Figure S1 .
prerequisite for the embryonic development of AMs and their maintenance throughout life. In LCs, TGF-bR signaling was shown to induce the transcription factors Id2 and Runx3, both essential for LC commitment (Fainaru et al., 2004; Hacker et al., 2003) . In microglia, TGF-b leads to the expression of the transcriptional regulator Sall1, which is highly expressed by microglia but not by other tissue macrophages (Butovsky et al., 2014; Buttgereit et al., 2016) . Here we show that TGF-bR signaling in fetal monocytes leads to the upregulation of PPAR-g, a key transcription factor for the genesis of AMs. A few studies linked TGF-b to PPAR-g, most of them demonstrating a negative regulation. It was shown for example that PPAR-g antagonizes TGF-b or that TGF-b negatively modulates the transcriptional activity of Pparg (Burgess et al., 2005; Ramirez et al., 2012) . Another report demonstrated the phosphorylation of PPAR-g upon TGF-bR signaling (Han et al., 2000) . Here, our data suggest that PPAR-g is directly induced by the TGF-bR signaling pathway. In addition, the upregulation of PPAR-g could also be a consequence of TGF-b-induced AM differentiation, which correlates with Pparg expression. Altogether, this suggests that TGF-bR signaling in macrophages is linked to macrophage ''signature'' genes encoding transcription factors specific for either their development (PPAR-g for AMs, Id2, and Runx3 for LCs) or their fate (Sall1 for microglia). We demonstrate that the development of other tissue macrophages than the aforementioned ones does not depend on TGF-bR signaling. However, given that many macrophage populations are equipped to sense TGF-b, whether its signaling is important for their tissue specific functions needs further investigation. AMs are also unique among tissue macrophages in their requirement for GM-CSFR signaling. Thus our data demonstrate the involvement of two critical cytokine signaling pathways, TGF-b and GM-CSF, for the development and maintenance of AMs. While both of them converge in inducing Pparg expression, the differences in their signaling pathways remain unresolved. The requirement for two independent cytokines for macrophage development is also reminiscent of LCs, which are dependent on IL-34 and TGF-b (Borkowski et al., 1996; Greter et al., 2012b; Wang et al., 2012) . Also described for LCs is that autocrine TGF-b signaling is sufficient for their development (Kaplan et al., 2007) . Here we also show that in contrast to GM-CSF, which is secreted by epithelial cells and acts in a paracrine manner on AMs (Schneider et al., 2014b) , TGF-b acts in an autocrine manner. avb6 expressed by lung epithelial cells has been shown to play a crucial role in TGF-b activation, which could play a role in adherence of AMs to the epithelia (Munger et al., 1999) . However, using immunohistochemistry and flow cytometry, we could not identify a role for TGF-bR signaling in adherence of AMs to the epithelia (data not shown).
Mice lacking GM-CSF or its receptor develop PAP. Here we also found increased SP-D and protein concentration in the BAL in mice lacking AMs due to deletion of TGF-bR but with normal levels of GM-CSF. This indicates the development of PAP and demonstrates that PAP develops not only as a result of Csf2 or Csf2rb deficiency, but also upon losing tonic TGF-b supporting the importance of both pathways in forming and maintaining AMs. Of note, histomorphological changes manifest only in aged mice. This could so far not be addressed with the mice used here since strains lacking AMs succumb to multi-organ inflammation before they would develop PAP or conversely, AMs that escaped gene-targeting repopulated the empty niche. Moreover, inflammation leads to cytoablation of resident tissue macrophages (Hashimoto et al., 2013) . Nonetheless, we did not observe altered Tgfb1, Tgfbr1, or Tgfbr2 expression in AMs in influenza virus (PR8)-infected WT mice (data not shown) indicating that inflammation-induced macrophage loss is not a consequence of altered TGF-bR signaling.
Whereas it is now firmly established that almost all tissue macrophages arise from an embryonic precursor and are selfmaintained, the guidance cues for their tissue-specific differentiation remain largely unknown. While GM-CSF has already been shown to be unique in shaping AMs, here we identified TGF-b as another crucial differentiation factor to control their formation in the developing lung and to maintain AM identity in the adult.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
Experimental Animals C57BL/6 and C57BL/6-CD45.1 mice were purchased from Janvier Labs. Itgax Cre , Lyz2
Lung Histology
The lungs were perfused with PBS, removed, fixed in HOPEI for 72 hours, incubated in HOPEII/acetone for 2 hours, and followed by pure acetone incubation for 6 hours and paraffin incubation overnight. Lungs were embedded in paraffin and 5 mm sections were cut for H&E stainings. Briefly, sections were deparaffinized in Xylene for 5 min 3 times and rehydrated 3 min in 100% ethanol twice, 95% ethanol twice and 70% ethanol. After being rinsed with distilled water for 5 min, sections were stained in hematoxylin for 5 min, rinsed in running tap water for 1 min, and counterstained with Eosin for 1 min. Dehydration was done in serial rinsing twice in 95% ethanol and twice in 100% ethanol. After being cleared with Xylene for 3 min, sections were mounted in DPX mounting medium.
In Vitro Culture of Fetal Monocytes Fetal monocytes (CD45 + Ly6G À Ly6C + CD11b + CD64 int ) were sorted from fetal livers (E15.5) and cultured at 50,000 cells per well in 48-well plates in complete DMEM medium (PAN Biotech), plus 1 mM Sodium Pyruvate, 1x GlutaMAX (Gibco), 10% FCS, 1% Pen/Strep (Gibco), 50 mM b-Mercaptoethanol (Gibco), 10 mM HEPES (Gibco) with 50 ng/ml GM-CSF (Biolegend). Cells were cocultured with either 8.6 mg/ml mouse IgG1 isotype control (MOPC-21, BioXcell), 8.6 mg/ml anti-pan TGF-b1 antibody (clone: 1D11.16.8, BioXcell), or with 10 ng/ml hTGF-b1 (PeproTech) and 8.6 mg/ml mouse IgG1 isotype control for 24h. Cells were then processed for RNA isolation.
Quantitative RT-PCR (qRT-PCR)
Total RNA was isolated using RNeasy micro plus kit (Qiagen). cDNA was synthesized with M-MLV reverse transcriptase (Invitrogen) and qRT-PCR was performed on a C1000 Touch Thermo Cycler (Bio-Rad) using SYBR Green (Bio-Rad). Primers used in this paper are listed in Table S1 .
ELISA
Tissue samples were lysed in ELISA lysis buffer (50 mM pH 7.4 Tris, 5 mM EDTA, 150 mM NaCl, 1% NP-40 and proteinase inhibitors (Roche)). Protein concentrations were determined with a BCA protein assay kit (Pierce). ELISA for TGF-b1 and SP-D were performed according to the manufacturer's instructions (R&D).
Next Generation Sequencing
Total RNA was isolated from FACS-sorted AMs (R1.5 3 10 5 cells) using the RNeasy micro plus kit (Qiagen). 100 ng total RNA samples were poly-A selected and used for library preparation with TruSeq Stranded mRNA Sample Prep Kit (Illumina, Inc, California, USA). Next generation sequencing was performed by the Functional Genomics Center Zurich (FGCZ) using the HiSeq 2500 v4 System (Illumina). Bioinformatic analysis was performed using SUSHI platform developed by the FGCZ. In short, Fastqc for quality control, STAR for mapping, DexSeq for exon counts, RSEM for transcript counts, and EdgeR for differentially expressed genes (DEG) were done with SUSHI. Gene ontology (GO) analysis by SUSHI and Gene Set Enrichment Analysis (GSEA) were performed on DEGs with p < 0.001.
QUANTIFICATION AND STATISTICAL ANALYSIS
Statistical analysis was performed using Prism 6 (GraphPad Software). Statistical significance was evaluated by Student's t test or one-way ANOVA. *p < 0.05; **p < 0.01; ***p < 0.001; ns, not significant. Mean (±SEM) was indicated with horizontal lines. N represents number of biological replicates unless otherwise stated. Statistical details for each experiment can be found in its corresponding figure legends.
DATA AND SOFTWARE AVAILABILITY
The RNA-seq data is available from ArrayExpress under the accession code E-MTAB-6028.
